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ABSTRACT
Aluminium Oxide (Al2O3) is a self-lubricating based on nanocomposites. This are mostly
used material in engineering sector for its high-tech structural application, stiffness, light
weight, strength, elasticity and durability. Based on expert’s research, Aluminium Oxide
nanocomposites are a combination of Al2O3 and a metal matrix element (Metal, Polymer or
Ceramic). Self-lubricating Aluminium Oxide are widely used in many industrial applications
such as laminates, adhesives and construction materials, aircraft, racing boats, aerospace and
automotive applications. Technology of friction, wear and lubrication of relative motion surface
is known as Tribology. In that essay/report we will try to research on technical aspects of
tribological properties of self-lubricating Al2O3-based nanocomposites along with its micro
structural preparation and mechanical properties.
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1. Introduction
A nanocomposite consists of both artificial or man-made material. It is a matrix to which
nanoparticles have been added to improve a property of the material. Mainly designed for
increasing performance in different application like structural, functional or cosmetic. This
material can be of different kind like plastic, or ceramic or a combination of different
nanoparticles for example Zirconia, Alumina etc.
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Impacts of nanocomposites


Nanocomposites are used for Electron micrograph (Silicon nanocomposite)



Nanocomposites are also used for improving vehicle’s mileage



Nanocomposites are used in aero planes for light weight quality.

1.1 Brief discussion on alumina
Aluminium Oxide or Alumina is a kind of nanocomposite, which is a chemical compound
comprised of aluminum and oxygen molecules (Al2O3). Alumina is also known as Aloxide,
Aloxite or Alundum based on the formation or applications. In case of ornament Alumina is
also known as Ruby or Sapphire. Alumina is one of the important materials in structural
ceramic application because of its excellent mechanical properties, good chemical stability and
high temperature characteristics. Self-lubrication alumina has the ability of bearing capability
to delivery microscopic amounts of material to the malting surface. Al2O3-based
nanocomposites were stated by using X-Ray Diffraction technique which helps to find the size
of average crystalline. Scanning Electron Microscopy is needed for finding the characteristics
of morphology of Alumina based nanocomposites.
2. Preparation
Based on different components (Ni, Al, Cr, Cu etc.), possible ways of fabrication are
different like, electroless plating method, heat (hot) pressing method, vacuum coating method
etc. Here, we try to discuss the manufacturing process for forming microstructure of Al2O3 or
Alumina ceramics. This process consists of following steps: 2.1 Powder Preparation
In general size of the Al2O3 powder is not more than 2.0 micro meters. In recent years by
electroless copper plating copper-coated Al2O3 powders are prepared. The copper plating
solution is consisting of copper surface solution 35-50 g/l CuSO4.5H2O, 18-36 ml/l
formaldehyde, 66 g/l EDTA and 12 g/l NaOH. During the removal of copper, the pH value of the
plating solution continuously being controlled. Here, NaOH plays role in settling the plating bath
of pH value. In total of 20 minutes used for plating time, pH is kept at 12 and a deposition
temperature of 30±2ºC during the electro less plating. To clean the powder distinct water is used
and drying in incubator at 60 degrees Celsius.
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3. Compacting or forming shape
In this procedure the value of applied pressure and hot pressing are considered. For sintering
and pressing a fine alumina powder 1600 degree Celsius temperature should be maintained.
Porous size and residual internal stresses resolved the amount of binders and other supplement
like plasticizers, lubricants, deflocculates etc.
4. Sintering
During sintering process, diffusion is proceeding for the reason of the pores is decreasing,
which results densification of the Al2O3 or alumina ceramic material. In the main phase of
ceramic, the bonding and other phases are shared in between them. There is a chance of
matrix grains to increase
during the sintering process. To limit the growth of grain
Magnesium Oxide, MgO (<0.5%) has been added to it. Through the sintering process final
alumina grains and pore sizes has been determined along with physical and chemical
uniformity. Overall time duration was around 15 minutes and applied pressure is 30MPa.
5. Micro-structure
Microstructure which is clearly visible and can be properly examined with a microscope.
The surface morphology of the core shell structured copper coated Al2O3, which are
characterized by SEM (scanning electron microscopy) established with energy dispersive
spectroscopy or EDS. Microstructure of the Al2O3-Si nanocomposites and Al2O3-Ni
nanocomposites are not the same. As the grain growth of alumina's is very high nanocomposite like
SiC (Silicon Carbon) or MgO (Magnesium Oxide) uses as a matrix metal with self-lubricating
alumina (Al2O3) to reduce the rate of growth.

Fig. 1 sample of self-lubricating alumina microstructure through a microscope
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6. Properties
In that part, we will discuss the mechanical properties of Alumina (Al2O3) nanocomposites.
Table 1 Mechanical Properties

Properties

Value

Hardness

82 Rockwell 45N

Elasticity

46 psi X 10^6

Tensile Strength

54 kpsi

Compression

368 kpsi

Toughness

4.3 MPa m^ (1/2)

Flexation

51 kpsi

Poission’s Ratio

0.20<Al2O3<0.25

Self-lubricating alumina has various amount of properties like specified hardness, superior
wear resistance, tensile strength etc. Normally, Alumina is a hard nanocomposite, because of
the metal matrix components like Ni, Cr, Co, Ti (which are the strongest material of earth) selflubricating alumina is one of the hardest nanocomposite. Besides, inclusion of Al2O3 also
increase strength on those metal matrices. Tensile strength of self-lubricating alumina is the
resistance of that material for breaking under specific pressure and temperature. Tensile
strength of self-lubricating alumina is stronger to take load or pressure than most of the selflubricating nanocomposites or any other nanocomposites.
High purity self-lubricating alumina is an ideal nanocomposite for environments where
resistance to wear and corrosive substances are required. Self-lubricating alumina
nanocomposite has excellent thermal stability and that means, it is widely used in areas where
high temperatures resistance is necessary.
6. Tribological properties of self-lubricating alumina
According to our previous discussions, friction, wear and lubrication technology of
relative motion surface is known as Tribology [7]. Based on some research, it has been found
that the density of self-lubricating alumina is the main reason for its friction property. Besides,
we already discuss the wear resistance of that nanocomposites. Lubrication properties of
alumina nanocomposites are based on the coating technology and there are two different kinds
of coating techniques used for alumina, analogue and direct current installation methods [8-11].
These techniques increase the nano-sized element and combination of similar kinds of particles
distribution effect alumna's tribological behaviour. Besides, size of some grain matrixes like Ni
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or Cr also increase wear resistance possibility, which also effect the lubrication of the
nanocomposites (alumina, Al2O3).
7. Conclusion
Among different kinds of nanocomposites, alumina or Al2O3-based nanocomposites are the
most ideal materials for any engineering prospects. In that report we try to discuss a scientific
procedure for manufacturing alumina based nanocomposites. Alongside, it has been discussed
some technical aspects like mechanical and tribological properties of alumina based
nanocomposites [12]. Although, alumina based nanocomposites are among the most effective
nanocomposites are found, still scientists are trying to improve its properties to accomplish more
applications.
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